Objective To describe the dispatch process for out-ofhospital cardiac arrest (OHCA) in bystander-witnessed patients with initial shockable rhythm, and to evaluate whether recognition of OHCA by the emergency medical dispatcher (EMD) has an effect on the outcome.
Introduction
Emergency Medical Service (EMS) systems annually encounter about 275 000 out-of-hospital cardiac arrest (OHCA) patients in Europe [1] . Survival rates have been reported to be poor -B10% of cases survive to hospital discharge [2] . Early recognition and EMS activation by the dispatch centre is the first link in the chain of survival [2] [3] [4] . When processing emergency telephone calls, the emergency medical dispatcher (EMD) has to decide whether there is a medical emergency, find out the chief complaint/current state and/or rapidly identify cardiac arrest and prioritize and define an EMS response. The ability to recognize OHCA is a challenging task, but still the capacity to identify OHCA patients has been reported to be as high as 70-83% [5] [6] [7] .
In cases of OHCA, the dispatcher can and should give telephone-guided cardiopulmonary resuscitation (T-CPR) instructions to the caller [4] . It has previously been shown that bystander CPR improves the survival rates of OHCA patients, especially when started at an early stage [8] . A similar improvement in outcome has been shown when evaluating the effects of T-CPR if the identification of OHCA is made correctly [2, 3, 6, 9] , but evidence of this is not clear [10] .
To report OHCA uniformly, Utstein-style definitions and reporting templates have been used widely since 1991 [11] . However, these templates have not included the role of the EMD. It is suggested that dispatching centre variables should be included when reporting OHCA variables to compare results and improve the quality of the whole EMS system [12] . There are few previous reports concerning the dispatch process with dispatch response times for OHCA [6, 13, 14] .
Patients who suffer a witnessed cardiac arrest, receive bystander CPR and who initially have a shockable rhythm have the best chances to survive OHCA [15] [16] [17] [18] . EMS reaching the patient within a short window of time is also imperative for survival.
The aim of this study was to describe and report the dispatch process in bystander (not EMS)-witnessed OHCA with initial shockable rhythm, and to determine whether recognition of cardiac arrest by the EMD affects the outcome of these patients.
Methods
This study was a prospective observational cohort study conducted in southern and eastern Finland from 1 March 2010 to 31 August 2010. It includes data on all patients in the study areas who at dispatch fulfilled the criteria of suspected OHCA according to the national uniform emergency medical dispatch guidelines. Furthermore, all patients who developed OHCA before hospital admission were included. Further analyses were conducted on patients who experienced witnessed (not EMS) OHCA with initial shockable rhythm to minimize other confounding factors of survival. The overall population in the study area was 2 644 200 (49.1% of the total Finnish population).
The Finnish dispatcher training involves 1.5 years of formal education in emergency-telephone-call processing and dispatching. Eight regional dispatch centres are located within the study area, accessed through the common emergency number '112'. These dispatch centres are combined centres for EMS, police and fire and rescue services, and they are connected to a common database. Time points are registered automatically: the beginning of the emergency telephone calls, the dispatch of the first response unit and the time when the first unit is on scene. Medical call processing and medical priority criteria are described in the dispatcher's guidebook and are based on the patient's chief complaint (e.g. chest pain) and on the patient's current condition (e.g. awake or not). EMS calls are prioritized into four categories from A to D, where A represents the highest medical priority. The dispatcher should quickly identify the site or the address of the emergency. To exclude cardiac arrest, the dispatcher initially verifies the patient's consciousness (is the patient awake? What is he/she doing right now?) and the presence of breathing (is he/she breathing normally?). If the answer to both questions is 'no', the dispatcher continues processing the call as a cardiac arrest call and uses a tiered response strategy to alert the closest and the most appropriate EMS units to the scene. The dispatcher starts to give T-CPR instructions, unless CPR is already going on or the caller says he or she knows how to administer CPR. Since the year 2000, the T-CPR instructions have included only chest compressions unless the victim is a child or OHCA is probably due to drowning or choking [4, 19] .
Tieto Oy Ltd (http://www.intensium.com/web/english) has provided a uniform, common database to link the dispatch data to the data that were obtained from dedicated paper case reports (CRFs) submitted by the EMS crews that treated the patients. Information on the beginning of the emergency call, dispatch and scene times, priority categories and dispatched units were electronically transferred from the dispatch centres to this database. The CRFs were faxed to a research nurse who entered the data into this database and linked them to the dispatch data. Data of bystander CPR were collected by the EMS paramedics who were asked to report whether there was ongoing bystander CPR at arrival on the scene and whether it was based on dispatcher guidance or not. The principal investigator received information about the patient's status at the time of hospital discharge from the National Institute for Health and Welfare (discharged home or discharged to another facility).
Data regarding OHCA survival at 1 year was obtained from The Finnish Population Information System, which is a computerized national registry containing basic data about persons residing permanently in Finland.
The Cerebral Performance Category (CPC) status of survivors was evaluated at 6 months after the OHCA by a neurologist (M.T.) who called the patients or their close relatives. The Institutional Review Board of the Helsinki University Central Hospital approved the study protocol.
Data were analysed using SPSS, version 18.0 (SPSS Inc., Chicago, Illinois, USA). Data were presented as medians with IQR or as frequencies and percentages. The association between categorical variables was assessed using cross tabulation and the w 2 -test. A P-value less than 0.05 was considered statistically significant. A logistic regression model was used to determine factors related to survival at 1 year.
Results
The dispatch centres received 885 338 emergency telephone calls during the 6-month study period. Of these, 237 295 were medical (26.8% of all telephone calls), leading to 186 420 EMS missions (78.6% of all medical telephone calls) (Fig. 1 ).
The EMS crews considered resuscitation for 1042 patients (0.56% of all EMS missions), and resuscitation was eventually attempted in 671 patients. Of these, 164 patients had suffered bystander-witnessed OHCA and had a shockable initial cardiac rhythm. The majority of these patients were presumed to have OHCA of cardiac origin (n = 140, 85.4%). The OHCA took place mainly in an urban environment (n = 109, 66.5%), whereas 15.9 and 17.7% occurred in semi-urban and rural areas, respectively.
The dispatcher correctly recognized 82.3% (n = 135) of the 164 patients with witnessed OCHA and in shockable rhythm during the emergency telephone call as cardiac arrests. Of those not recognized, 29 (17.7%) were primarily dispatched as other high-priority calls, that is, unconscious patient, chest pain or other cardiac symptom ( Table 1) .
Data of the dispatch process of the calls were received from 151 of the 164 missions with witnessed OHCA with shockable rhythm. The median time from the beginning of the telephone call to the dispatch of the first EMS unit was one minute (IQR 1-2 min), and for the majority (90.7%) of the calls, dispatch occurred within 2 min.
For the survivors at 1 year, the dispatch time was less than 2 min in 30 patients (61.2%) and more than 2 min in 19 patients (38.8%, P = 0.345). The study flow chart. a Survival after 1 year could not be established in two patients who were discharged alive from hospital to their home countries. CPC, Cerebral Performance Category; EMS, Emergency Medical Service; OHCA, out-of-hospital cardiac arrest; ROSC, return of spontaneous circulation; T-CPR, telephone-guided cardiopulmonary resuscitation. Table 2 demonstrates a comparison of the dispatch response, CPR and survival data depending on whether the time from the beginning of the emergency telephone call to EMS arrival on scene was within 8 min or not. When the EMS response time was within 8 min, 53.9% of the patients were alive at hospital discharge, and when the time exceeded 8 min, the survival rate was 30.2% (P < 0.001). Although there were twice as many (41.4%) patients alive in 1 year in the less than 8-min group compared with the more than 8-min group (21.0%), this number did not reach statistical significance (P = 0.09). Table 3 shows the sex, dispatching times and outcomes for the OHCA patients with shockable rhythm with or without dispatcher-recognized OHCA. CPR was given more frequently among the patients in whom OHCA was recognized (75.6 vs. 51.7%, P = 0.01).
The overall survival to hospital discharge was 43.4% (n = 71), and survival at 1 year was 32.9% (n = 54). Survival to hospital discharge was 44.4% (n = 60) when the dispatcher recognized OHCA and 37.9% (n = 11) when it was missed (P = 0.521). Survival rates at 1 year were 32.6% (n = 44) and 27.6% (n = 8), respectively, and there was no difference in the outcome at 1 year whether the OHCA was recognized or not (P = 0.469). Of the patients surviving to hospital discharge, data of the CPC status at 6 months were available for 51 patients, and for 37 of these, CPC was 1 or 2.
In all, 117 patients (71.3%) received bystander CPR before EMS arrival, and the survival rates to hospital discharge and the survival at 1 year were 44.4% (n = 52) and 35.7% (n = 41), respectively. Of the 47 patients not receiving bystander CPR before EMS, survival rates to hospital discharge and at 1 year were 40.4% (n = 19) and 27.7% (n = 13), respectively. There was no difference in the survival to hospital discharge (P = 0.639) or at 1 year (P = 0.327) in relation to whether bystander CPR was given or not given before EMS arrival.
T-CPR instructions were given in 53 cases (32.3%). All of these patients received bystander CPR before EMS arrival, and their survival to hospital discharge was 46.6% (n = 27).
In the logistic regression analysis, survival rates were higher at 1 year (P = 0.018, odds ratio 2.82, 95% confidence interval: 1.19-6.67) if the EMS response was within 8 min. Other variables tested were the type of municipality, whether T-CPR instructions were given, if the emergency call was processed within 2 minutes or not (P = 0.077, odds ratio 0.48, 95% CI: 0.21-1.082), whether CPR was given before EMS and whether OHCA was recognized by EMD. OHCA, out-of-hospital cardiac arrest.
a All considered to be of cardiac origin, and thus OHCA causing the accident. 
Discussion
First, this study demonstrated that dispatchers in Finland recognize OHCA with high accuracy in the patient group with the best prognosis -witnessed OHCA with shockable initial rhythm. However, in this study, we found that this was not associated with increased survival to hospital discharge. Second, a short response time from the beginning of the emergency telephone call to EMS arrival on the scene was related to better survival for these patients. Third, it seems that a majority of OHCA patients in this subgroup received bystander CPR -a proportion that probably can be increased by T-CPR instructions.
Previous studies have shown a high rate of recognition of OHCA in Finland by dispatchers, who correctly identified 79-83% of OHCA patients [6, 7] . Our study corroborated these results, showing a high identification rate of OHCA. In a study by Axelsson et al. [20] , the recognition rate of OHCA by EMD was only 20%. The reason for such a low recognition rate could have been the national protocol, where the dispatch criteria were symptom-related rather than condition-related (i.e. cardiac arrest). If the dispatcher clearly suspects OHCA and wants to code the call as such, he/she has to create this in a free text rather than just launching the mission with a specific code. Moreover, the study did not describe the EMD training programme or the background of the dispatchers in Sweden. Could the lower rate of recognizing OHCA patients be explained by differences in EMD training?
The Finnish nationwide EMD protocol is based on questions that the dispatcher asks about what has happened and whether the patient is awake and breathing normally (if the patient is not alert or breathing normally, the dispatch code is suspected cardiac arrest) [21] . This seems practical and results in a high sensitivity of OHCA recognition. Heward et al. [22] showed a 200% increase in the recognition of cardiac arrest by dispatchers when these three questions were asked. However, in a Finnish study [7] , it was shown that the dispatchers adhered to the protocol in only 52.4% of the calls, and still the sensitivity in recognizing OHCA was high: more than 80%. The records of the emergency calls were reviewed, and they revealed that if the OHCA was witnessed, the protocol was followed significantly more often than if it was unwitnessed. This, however, did not lead to an increased rate of correct identification in witnessed compared with unwitnessed OHCA patients. If the protocol was followed, however, the dispatch time of the first response unit was shorter in witnessed OHCAs (median, 71 vs. 91 s, P < 0.001), which may have a profound effect on the outcome for these patients.
It seems important that the protocol includes the question of the presence of normal breathing. Berdowski et al. [9] demonstrated that when the OHCA was unrecognized, in 51% of the calls the dispatcher did not ask about the normality of breathing, and if asked, all OHCAs would have been recognized. This commends the use of these important questions recommended by Eisenberg et al. [23] . However, it is unrealistic to assume that an EMD could yield 100% detection of cardiac arrest in a real-world setting.
In this study, the unrecognized OHCAs were mostly coded as 'unconscious' (n = 10), but the EMS was still alerted at highest priority. There were also three traffic accidents that were a consequence of cardiac arrest, and three patients whose cardiac arrests were due to electric shock. In these situations, the dispatcher coded the emergency correctly, although the patient was having a cardiac arrest. This additional information may have been given to EMS by radio.
We found that the recognition of OHCA did not affect the outcome. This may be due to the fact that there was a high recognition rate of OHCAs overall, or that the number of patients was too small to show differences in this setting. CPR was given more frequently to those whose OHCA was recognized by the dispatcher (75.6 vs. 51.7%), P = 0.01, but this did not have an impact on the survival. It has been shown in several studies that CPR before EMS increases survival rates two-fold to threefold [24] . Previous reports have also demonstrated the positive effect on the outcome when the dispatcher recognized the OHCA during the emergency call [9, 25] . Thus, the size of our study group may lack the power to show the effects of bystander CPR or OHCA recognition on the outcome.
Survival to hospital discharge was better for those patients who were reached by EMS within 8 min from the time the emergency call was placed (P < 0.001). A short delay from the call to EMS arrival on the scene has been shown to improve the outcome in previous studies when treating OHCA [15, [26] [27] [28] , and thus our results are similar to those reported previously. A time within 480 s (8 min) from alerting EMS to the EMS response to the patient in life-threatening situations is a widely accepted indicator of EMS performance (Cited 30 September 2013 at: www.eed-project.de) and was also used in this study.
This study showed that 32.3% of OHCA patients were given dispatcher T-CPR instructions. In a previous study from Finland by Kuisma et al. [6] , this number was 35.5%. In a study from Seoul, South Korea, this number was 24.2%, with only 5.2% of the patients actually receiving CPR [29] . In another study, about one-third of OHCA bystanders received T-CPR instructions [30] . In our study, the overall number of patients receiving bystander CPR was 71.3%. According to the Finnish dispatcher protocol, the dispatcher does not give T-CPR instructions if the caller says that he/she knows how to perform CPR, or if CPR is already being administered. Guidelines exist for giving appropriate T-CPR instructions [31] .
There are some limitations to be considered in this study. The quality of bystander CPR was not evaluated, and we received the information on whether or not T-CPR was administered from the paramedics, and not from the dispatch centre. This lack of quality of T-CPR data may have caused bias in the data when evaluating the effectiveness of T-CPR to the outcome. It has been previously demonstrated that CPR provided by bystanders may be insufficient [30] .
Time points regarding the dispatch process were registered in minutes and not in seconds, which reduced the accuracy of the dispatching times. Data on these times were missing in 13 cases. Records of the conversation between the caller and the dispatcher were not collected. These data would have made it possible for researchers to evaluate the dispatching process thoroughly and analyse the unidentified OHCA emergency calls and the protocol used by dispatchers during the call.
The small size of the study group might lack the power to show statistical differences in outcomes. However, as shown in Table 3 , there are fewer survivors (return of spontaneous circulation, to hospital discharge and at 1 year) if OHCA is not recognized. This suggests that the correct recognition of cardiac arrest may further increase the chances of survival, a result that could be shown more clearly in a larger study group and with a longer follow-up.
Conclusion
This study showed a high rate of recognition of OHCA by dispatchers in Finland, probably due to the national EMD protocol and trained dispatchers. This did not, however, have an effect on the outcome in patients with witnessed cardiac arrest and initial shockable rhythm. If the time of the beginning of the emergency call to EMS arrival at the patient's side was within 8 min, the patients were more likely to be alive at hospital discharge. Bystander CPR was given more often if the dispatcher recognized the cardiac arrest. However, this did not influence the patient outcome in this study.
